An apology, or at least an explanation, may be thought to be called for before adding to the already too considerable mass of print on the subject of infant feeding. This article can claim no originality, but its aim is to focus attention upon the facts which lie behind the current systems of artificial feeding of infants, and to leave aside their practical details, lucidly and elaborately expounded by other authors.
That it is desirable to feed infants at the breast is no new discovery. Until recent years the feeding of infants by breast milk substitutes was fraught with such hazards that it was little employed, and human milk from a wet-nurse almost invariably used instead.
'Fling off the useless and corrupted Juice
And teach the child the Nipple's frequent use.' is an i8th century expression of an attitude to artificial feeding more extreme than prevails in our own time. The reasons for the failure in olden days of other modes than breast feeding are not far to seek. There was no appreciation of the organismal dangers of fresh cow's milk, and efforts to dispense with milk altogether as, for example, this German one of I632, ' In our parts infants are given with good result broth made of beer mixed with boiled bread and butter, which is quite nourishing. Wine should not be given to infants, but in our parts beer is given to them with advantage.' however well-suited to ' 3. Carbohydrate. This element is essential to the infant, and is present in human milk in considerably higher proportion than in cow's milk. As to the choice of carbohydrate, it is generally accepted that lactose has no advantage to the infant over dextrose or sucrose. The breast-fed baby taking 40 oz. of milk (which is the upper limit of supply) receives therein 3 oz. of sugar daily. Logically, therefore, this amount should be the maximum in artificial feeding, and it is more than is available from present-day rations. It is possible to feed certain infants on considerably higher carbohydrate intakes (17 per cent. or more in feeds) without ill-effects, but increasing the sugar raises the liability to fermentative diarrhoea, besides accustoming the infant to a syrupy solution, a taste that he may be unwilling to relinquish later. In order to lessen the tendency of sugar to cause diarrhoea, a mixture of dextrins and maltose is frequently used instead, especially during and after digestive upsets. These substances are intermediate products in the breakdown of starch to glucose, and it is claimed that they are so slowly broken down in the intestine to glucose, that it is absorbed as rapidly as it is formed, without time for fermentation to take place. Also, dextrins are scarcely sweet to the taste. Although these claims for dextri-maltose are not universally endorsed, it is increasingly popular as a sugar substitute.
We have seen that amylase is deficient in the infant gut in the early months, and it has been customary to withhold starch from the diet until about the sixth month. However, the trend is now towards the earlier introduction of starch (from the third month) as it is clear that no great difficulty is experienced in assimilating this element, from the way in which small babies can thrive on feeds thickened with cereals in the treatment of vomiting. There is some virtue inherent in starch which is not found in the simpler carbohydrates, which makes it the most useful supplement when milk feeds will no longer suffice alone.
4. Minerals. In raw cow's milk all mineral elements except iron are present in greater quantity than in human milk. This appears to be of no practical significance, as the excess is rapidly excreted. In dilutions of cow's milk the calcium may, however, become reduced below the threshold requirement, besides still further reducing the iron content. Many proprietary milk modifications are fortified with iron before being put on the market, but the potential deficiency in iron of all artificially fed infants should be remembered. This can be achieved in many ways so that the curd approximates to that of breast milk.
I. Dilution with water. However, to be effective, the milk must be watered to six times its volume, and this reduces the energy content to a low figure. 2. Boiling. The size and density of the curd are reduced by this means in proportion to the length of heating. Lactalbumen is coagulated.
3. Alkaliniation, with lime water, citrate or bicarbonate, will somewhat reduce the density of the curd.
4. Precoagulation with rennin, or predigestion ('peptoniation') are successful but old-fashioned and laborious methods. .. 5. Acidification. (a) Naturally soured milk.
Buttermilk, the end-product of removing butter frorii naturally soured cream, contains protein in a form modified by bacterial action and a reduced content of fat, so is theoretically most acceptable, but in fact the lowered fat content seems to confer no advantage over other forms of acid milk which will compensate for the added difficulty of procuring it.
(b) The adding of lactic acid to boiled cow's milk will provide a product as satisfactory as bacterially soured milk, and so, being more easily controlled, is to be preferred. To prepare it the milk must be cold, the addition must be made immediately before the feed, very slowly with constant agitation. Acid milks, besides providing a fine protein curd, reduce the power of cow's milk to neutralize gastric HCI, which depends on the ' buffer action ' of the high mineral content. Acid milks are well assimilated, even undiluted, but the taste is often objectionable to the older infant. They are available also in dried form.
6. Drying. This is accomplished commercially either by passing cow's milk over steam-heated rollers, or by injecting it in the form of a spray at high pressure into a vacuum chamber, and collecting the solid residue. The first process is more usual and cheaper. The fat is less well emulsified and so tends to float to the top of the mixture on standing, and the taste is less agreeable to adults than is the product of the spray process. Dried milks have become the-standard method of artificial feeding in Great Britain. Unsweetened evaporated milk is a very satisfactory infant food. The protein curd is soft and flocculent, and by simple dilution and the addition. of some extra sugar feeds can be rapidly prepared. It is much used in the United States.
Sweetened condensed milk possesses far too high a carbohydrate content to be a balanced food for infants. It possesses a limited usefulness as a high calorie, low fat feeding in pathological conditions, but its low protein and rachitogenic properties make it thoroughly unsuitable for the healthy baby.
Practically all' milk used in infant feeding nowadays is either boiled, evaporated, dried or acidified.
Fat Reduction
It is usual for reasons given already to feed infants for the first few weeks of life on a milk with a reduced fat content. This is achieved by using a dilution of whole milk, suitably modified, or more commonly by using a dried milk in the manufacture of which the fat content has been specifically reduced. Many infants will thrive on ' full cream ' dried milk from birth, but it is found that when feeding large numbers of infants, fewer digestive disturbances result if low fat feeds are employed for the first six to eight weeks of life.
Fluid and Energy Requirements
While it is not proposed to enter here into a discussion of the practical details of infant feeding, it is necessary to discuss the optimum bulk and energy value of feeds. To maintain an infant in fluid balance it is found that a daily fluid intake of 2 to 3 fluid oz. per lb. body weight is required, the smallest infants demanding the larger figure, and the requirement lessening as the baby becomes older and heavier; 24 oz. per lb. body weight is the generally accepted standard for the calculation of feeds for full term infants. It is found that feeding with this volume of milk feeds of which the energy value is standardized at 20 calories per oz. (which is the energy value of breast milk) maintains a satisfactory weight gain until a total daily volume of 35 to 40 oz. is being consumed. This is the upper limit of volume, 9I and when it is reached (or often considerably earlier) the energy value of the feeds is increased by the addition of starch in the form of cereals. We can say, therefore, that if all foods are arranged to contain 20 calories per oz., the formula' 24 oz. per lb. body weight per day' will insure correct feeding for the first six months.
Frequency of Feeds
It is found that infants in the neonatal period cannot, in most cases, tolerate larger feeds than 3 oz. In the case of a 7-lb. baby fed at 24 OZ. per lb. this means that fewer than six feeds in the 24 hours are impractical at first, which are conveniently ordered at three hour intervals with a longer interval at night. After a few weeks the intervals can be lengthened to four hours, and the feeds reduced in number to five in the 24 hours. This longer period between feeds is in harmony with the slower gastric emptying time that we have previously described when cow's milk is being used.
Gradualness
Two cardinal rules for which theoretical grounds cannot be advanced are: (a) That artificial feeding should be begun with weaker mixtures than are eventually desired.
(b) That any changes in the feed should be made gradually, and only if some definite indication for a change exists.
Observance of these is essential if digestive upsets are to be avoided. During the first ten days of life the feeds should be strengthen'ed gradually, and not until the tenth day should the expected calorie value for weight be reached. 'But let him not be glutted with the Feast, A medium in theflowing meal is best.
Sometimes deny the nipple, sometines grant But too much watering drowns the sproutingplant.' If these rules are followed artificial feeding will, in the majority of cases, be a painless process. The child will thrive, the mother be contented, and as for the father, ' Rest assured when he beholds the object of his soul cherishing and supporting in her arms the propttious reward of wedlock . . . it recalls a thousand delicate sensations to a generous mind.'
